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evaluated, which included pneumatic, dual-lead vented electric,
and single-lead vented electric devices, although there have been
changes in criteria for device implantation, selection of candidates,
and the devices themselves. However, we pursued this approach
because of the relatively small number of patients in each individ-
ual device category and the lack of statistical power and because
the criteria for device implantation have always been similar for
male and female patients.
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Tetralogy of Fallot (TOF) is one of the most commoncyanotic congenital heart diseases in childhood. Beforesurgical repair, patients with TOF are exposed to rightventricular (RV) pressure overload, which induces RV
hypertrophy. Although cardiac hypertrophy has been shown to
induce impaired coronary microcirculation and cardiac dysfunc-
tion in adults,1 it is uncertain whether RV hypertrophy induces
impaired coronary microcirculation in patients with TOF. The
purpose of this study was to evaluate the relationship between the
RV pressure overload and the coronary flow reserve (CFR) in TOF
and to search for the best way to prevent life-threatening events.
Methods
The study population consisted of 14 patients with TOF (8 male
and 6 female, Table 1). They were divided into three groups:
preoperative (n  4), early postoperative (n  6), and late post-
operative (n  4). After the radical operation, the RV pressure of
these patients improved significantly. Echocardiographic examina-
tion after the surgical repair revealed mild to moderate pulmonary
regurgitation with mild RV dilatation. The control patients con-
sisted of 16 age-matched patients with Kawasaki disease who had
shown normal coronary arteries and normal ventricular function on
angiography.2,3 They were divided into two groups: younger than
6 years for the preoperative and the early postoperative groups and
6 to 16 years old for the late postoperative group. The Doppler
guide wire used in this study was a flexible, 0.018-inch guide wire
with a 12-MHz piezoelectric ultrasound transducer (FloWire; Car-
diometrics Inc, Mountain View, Calif). Blood flow velocity was
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TABLE 1. Patient characteristics
Groups
Preoperative
(n  4)
Early
postoperative
(n  6)
Late
postoperative
(n  4)
Age (y) 1.25 0.17 2.56 0.83 12.9 2.99
Sex (male/female) 2:2 2:4 4:0
RV pressure (mm Hg) 93.3 9.24 49.4 16.2* 53.0 11.4*
PA pressure (mm Hg) 14.7 5.7 20.7 4.0 20.3 7.8
RV-PA pressure
gradient (mm Hg)
78.7 9.23 26.2 18.1* 32.8 8.42*
Interval from
operation (y)
— 1.14 0.34 11.0 2.01
Pulmonary
insufficiency
—      
Data are presented as mean  SD. PA, Pulmonary artery; , slight
regurgitation; , mild regurgitation.
*P  .05 versus preoperative value.
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determined by the Doppler frequency shift. Data analysis was
performed by FloMap No. 5500 (JOMED Inc, Rancho Cordova,
Calif).
After completion of coronary angiography, the Doppler guide
wire was carefully advanced through a guiding catheter into the
left anterior descending coronary artery (segment 6) and the right
coronary artery (segment 2).2 The position of the guide wire was
adjusted to obtain a maximal flow velocity signal. After the resting
average peak velocity was measured, adenosine triphosphate (1.0
g/kg) was rapidly injected into each coronary artery through the
guiding catheter. CFR was defined as the ratio of hyperemia to the
basal average peak velocity.2 Results are shown as mean  SD.
Multiple comparison studies were performed by the analysis of
variance test, and statistical significance was defined as P  .05.
Figure 1. CFR in children with TOF. A and B, CFR data from left anterior descending coronary artery (LAD). C and
D, CFR data from right coronary artery (RCA). A and C, Preoperative (pre-ope) and early postoperative (post-ope)
groups, which consisted of 0- to 6-year-olds. Control group was age matched for TOF group. B and D: Late
postoperative group, which consisted of 6- to 16-year-olds. Control group was age matched for TOF group. Asterisk,
Statistical significance between 2 groups (P < .05); n.p., no statistical significance between the 2 groups.
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Results
Left anterior descending coronary artery (segment 6). CFR in
the preoperative group (1.88  0.57) was significantly lower than
that in the control group (2.56  0.39, P  .05). CFR in the early
postoperative group (1.60  0.41) was also lower than that in the
control group (2.56  0.39, P  .05; Figure 1, A). However, CFR
in the late postoperative group (2.82  0.83) was significantly
higher than that in the preoperative and early postoperative groups
(P  .05). There was no significant difference between the late
postoperative group and the control group (3.01  0.90; Figure 1,
B).
Right coronary artery (segment 2). CFR in the preoperative
group (1.85 0.58) was significantly lower than that in the control
group (2.30  0.44, P  .05). CFR in the early postoperative
group (1.72  0.48) was also statistically lower than that in the
control group (2.30  0.44, P  .05; Figure 1, C). CFR in the late
postoperative group (2.95  0.58), however, was significantly
higher than that in the preoperative and early postoperative groups.
There was no significant difference between the late postoperative
group and the control group (3.32  0.48; Figure 1, D).
Discussion
Although long-term prognosis of patients with TOF has ]improved
markedly, some life-threatening events have been reported after
the radical operation. These patients appear to die of serious
ventricular arrhythmias induced by residual RV pressure overload
or abnormal coronary microcirculation.4 In adult patients with
cardiac hypertrophy, impaired coronary microcirculation has been
reported as an etiology of lethal ventricular arrhythmias.5 One
possible mechanism is an imbalance of oxygen delivery and con-
sumption in the hypertrophied heart where the coronary microcir-
culation is insufficient to supply oxygen to enlarged cardiomyo-
cytes. In the hypertrophied heart, the coronary arterioles are
already dilated even in the resting state. Coronary flow does not
increase after the administration of adenosine triphosphate,
resulting in the decrease of CFR. In the same manner, impaired
coronary microcirculation appears to occur during exercise; this
may induce dangerous ventricular arrhythmias in patients with
TOF.6 These speculations are supported by the results that CFR
is negatively correlated with the RV pressure, rather than the RV
volume.
In this study we showed that CFRs at the right coronary artery
and left anterior descending coronary arteries of patients with TOF
were low in the preoperative and early postoperative periods and
that the CFR significantly improved in the late postoperative
period. Early radical operation for TOF is recommended, to avoid
the prolonged exposure of RV pressure overload and the resultant
impaired coronary microcirculation. Careful observation is also
recommended during the preoperative and early postoperative
periods, because the RV myocardium is exposed to the impaired
CFR.
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